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During xylem dysfunction, one of the most common histological changes observed in angiosperm trees is the occlusion of vessels by gels (gums) and tyloses. This dysfunction may be caused by normal aging processes, injuries, or infections. At the species level, there is only one type of structure, gels (gums) or tyloses, that develops to occlude the vessel lumina of these trees (10) . These occlusions have also been commonly reported in herbaceous species: e.g., tyloses in tomato (7, 24) , cassava (23) , and cotton (25) ; and gels (gums) in chrysanthemum (49) and carnation (2, 18) . Following infections or injuries, gels and tyloses have been shown to act as a defense mechanism involved in limiting either xylem (vessel) colonization or the extent of embolism.
Despite some reports suggesting that gels (gums) arise from the swelling of pit membranes and vessel perforation plates (52), a consensus seems to have been reached that these plugs are formed by material secreted from adjacent xylem parenchyma cells through membranes of half-bordered pit pairs, as clearly demonstrated in many microscopic studies (7, 12, 18, 22, 39, (43) (44) (45) . At the transmission electron microscope (TEM) level, some studies revealed that the material had a fibrillar structure (12, 4345) and that it could accumulate within and move across the protective layer of parenchyma cells before being secreted into adjacent xylem elements (43) (44) (45) .
The chemical nature of gels (gums) is still not completely elucidated, apparently because of the use of different histochemical stains that may react with many constituents of the plant tissues. For instance, using such histochemical tests, Gagnon (17) concluded that gums in Ulmus ainericana were composed of lignin and pectin following positive staining reactions obtained over material in vessels that would have been released from the host walls as a result of the action of fungal enzymes produced by the Dutch elm disease pathogen. Ludwig (24) studied the tomato wilt caused by Fusarium oxysporum f. sp. lycopersici and noted the presence of a few tyloses in vessel elements that were, however, intensely occluded by gums. After observing the apparent physical properties of such gums, he concluded that they contained pectin. It has since been reported that such gels in infected tomato might arise following the action of pectolytic enzymes of pathogenic origin (54) . In a review paper on the structural responses that occur in plants following infection, Aist (1) pointed out that these occlusions were poorly characterized, although lignin or polyphenols were occasionally reported as possible components. Whatever their composition, gels (gums) eventually may become impregnated by fungitoxic substances that often appear to be phenolics, as suggested by toluidine blue staining (18, 23, 39) . Likewise, tyloses have been proposed as occluding structures allowing the accumulation of phytoalexin compounds (25) .
To our knowledge, Bonsen and Kucera (10) were the first to propose that tyloses in some tree species may also secrete small amounts of gummy material during their expansion in vessel elements. This secretion would show similarities with the production of analogous substances directly from parenchyma cells during gel formation. It has been shown, by using monoclonal antibodies specific for pectic polysaccharides, that the extemal wall layer of tyloses was composed of pectic compounds (38) . Similar observations were subsequently reported in vessels of Xanthomoizas campestris-infected cassava xylem (23) . It was also postulated that pectin might be produced similarly in the process of gel (gum) formation (38) . The current paper substantiates this postulate and suggests hypotheses to explain why this type of secretion occurs during gel and tylosis formation, the two mechanisms by which angiosperm trees occlude their vessel elements. Finally, as some confusion still exists in the literature over the use of the terms 'gel' and 'gum' (the term 'gel' will hereafter be used as a synonym of 'gum'), in all likelihood to describe the same occluding material, _-th: ~ discussion also bears on the reasons why the term 'gel' should be ¡adopted for describing the plugging material secreted by xylem p a r h y m a cells.
MATERIALS AND METHODS
Tree material. The production of gels was studied in the following species: Prunus pensylvanica L.f., Ulinus ainericaria L., Sorbus americana Marsh., and Hevea brusiliensis (Willd. ex A.
JUSS.) Müll. Arg. Populus balsainifera L. and U. anzericana were the tree species selected for the examination of tyloses.
Except for H. brasilieiuis, the inoculation procedure was performed as previously described (38) (39) (40) . Briefly, from 1984 to 1986, field-grown trees were inoculated in almost equal numbers with either an aggressive isolate of Ophiostoina ulnzi (Buisman) Nannf. (695) or a nonaggressive one (Q412). Controls were injected with sterile distilled water. For the following details, the first number in parentheses represents a minimum of trees inoculated and the second number represents a minimum of controls for each species:
Prunus pensylvanica (100, loo), Populus balsanzijera (lOO,SO), S. americana (75, 50) , and U. anzericana (50, 25) . For the last species, 28 greenhouse-grown trees were also inoculated and 14 were injected with water. The inoculation surface of branches (1 to 3 years old) was sterilized with 70% ethanol, and a 200-1.11 droplet of a suspension of O. ulnzi propagules containing mostly conidia at a concentration of 1.0 x lo7 cells per ml was inoculated into the branch using a razor blade. In 1988 (40) , as the nonaggressivity of isolate Q412 was questioned (A. Brasier, personal communication), 10 trees of Prunus peiisylvanica and Populus balsanaifera were also inoculated in the field with either the isolate 695 or another nonaggressive isolate (M273), or injected with sterile distilled water. Samples were generally collected 2 to 3 mm to 1 cm above the inoculation point at various periods of time following inoculation, but mostly around 6 to 15 days (38, 39) . Numerous nonwounded branches were also studied. For U. americana, about 50 branches from naturally infected trees showing various intensities of external symptoms (that likely represented infections caused by aggressive isolates of O. ulini) were also collected in 1988. Reasons for our selection of nonhost trees are discussed elsewhere (39, 40) . All samples were examined in light and transmission electron microscopy, and at least eight samples from inoculated branches and four from control branches of each species were treated by immunochemistry for pectin and examined at the TEM level (discussed below).
The method of inoculating the roots of 1-month-old H. brasiliensis seedlings with Rigidoporus ligiiosus (Klotzsch) Imaseki has been previously described (29,30,3 1) . Five preinfected rubber wood fragments were applied against the taproot of each seedling at a soil depth of 20 cm. Only four samples collected 5 months postinoculation were studied in the current study.
Tissue processing for microscopy. For all species but H. brasiliensis, samples were fixed with 2% glutaraldehyde in 0.1 M sodium cacodylate buffer (SCB) (pH 7.2) for 2 to 3 h and rinsed three times with SCB before postfixation with 1% Os04 in SCB for 1 h. They were gradually dehydrated with increasing ethanol concentrations and embedded in Epon 812. Samples of H. brasiliensis were prepared according to Nicole and Benhamou (30) . Briefly, they were fixed with 3% glutaraldehyde in 0.1 M SCB (pH 7.2) for 2 h and postfixed with 1% Osod for 1 h. They were also dehydrated with ethanol, but embedded in Araldite.
For observations with a Polyvar light microscope (Reichert, Vienna), sections (about 1 p) were stained with toluidine blue O and safranin O as previously described (39) . To detect suberin, the lignin autofluorescence was masked with phloroglucinol-HC1 and sections were examined under violet light excitation as in previous studies (37, 38, 40) . For electron microscopy, sections (about 90 nm) were contrasted with uranyl acetate and lead citrate and examined with a Philips 300 TEM (Philips Electron Optics, Eindhoven, the Netherlands) operating at 80 kV. At the TEM level, the presence of suberin can also be revealed by the location of the suberized wall layers, as they are usually one of the last laid down by the cell, and by their typical lamellar structure.
Colloidal-gold labeling. Pectic polysaccharides were detected using rat monoclonal antibodies raised against polygalacturonic acid. These antibodies, JIM5 and JIM7 (provided by K. Roberts, John Innes Institute, United Kingdom), recognize unesterified and esterified pectin epitopes, respectively (20) . Sections collected on nickel grids were floated on a drop of buffer A (0.01 M phosphate-buffered saline IpBS], 1% bovine serum albumin [BSA] , and 0.05% Tween 20; pH 7.1) for 10 min and then incubated with JIM5 or JIM7 for 2 h at 37°C. Sections were rinsed with buffer A and then floated on a drop of buffer B (0.02 M Tris-HC1, 1% BSA, and 0.05% Tween 20; pH 7.2) for 5 min before incubation with a goat anti-rat antibody (immunoglobulin G) complexed to colloidal gold (15 nm) (BioCell Research Laboratories, Cardiff, United Kingdom) and diluted in buffer B. Sections were thereafter rinsed with buffer B and with filtered distilled water and contrasted as described above. Control tests included (i) omission of JIM antibodies, and (ii) incubation with JIM antibodies previously adsorbed with polygalacturonic acid or citrus pectin.
An exoglucanase with affinity for ß(1+4)-D-glucans was prepared as described by Benhamou et al. (6) to obtain an enzymegold complex having gold particles measuring 15 nm in diameter. The enzyme (provided by C. Breuil, Forintek Canada) was used to detect cellulosic material in the different cellular structures studied. For labeling, sections on nickel grids were floated on a drop of PBS (pH 6.5) containing 0.02% polyethylene glycol (PEG) (molecular weight 20,000) for 5 min and then incubated with the enzyme-gold complex diluted in PBS-PEG for 30 min. Before contrasting for examination with the TEM, sections were rinsed with PBS and thereafter with filtered distilled water. Control tests were carried out using the enzyme-gold complex previously adsorbed with ß(1+4)-D-glucans.
RESULTS
General observations. All isolates of O. ulnzi induced similar histological changes in a particular nonhost species. In U. americana, comparable histological changes were observed independently of the isolate used, except that aggressive isolate 695 induced a greater number of vessel occlusions in a given branch. To detect pectin, the labeling was generally more intense with JIM5 than with JIM7 monoclonal antibodies, a fact that is reflected by the greater number of micrographs presented herein with the former antibody. Because of the absence of significant labeling in the cytoplasm using these antibodies, it was impossible to identify a type of organelle that could be involved in pectin synthesis. During the examination of gel production, an electron-opaque layer was at times observed covering half-bordered pit membranes (described in Discussion). Gels and tyloses were sporadically observed in fibers (data not shown), and their general appearance was similar to that described below for vessel elements. All the control tests for colloidal-gold labeling gave negative results, with only scattered gold particles bound to the section.
The occlusion of vessels by gels and tyloses began around 4 to 6 days postinoculation at 2 to 3 mm from the inoculation wound. Such occlusions were observed more frequently in samples collected in more advanced infection than in those taken early after inoculation. However, it was also clear that, for a given time after inoculation, some parenchyma cells could only begin to secrete pectic material, while other cells in the same section could apparently have completed such a process, since their protective layer was devoid of significant labeling for pectin (discussed below) and they were observed next to completely occluded vessel elements. In water-injected controls, these occlusions were at times observed, but were very sparse, and they were generally absent from nonwounded branches.
Gels (gums). Prurzus pensylvanica. The labeling of the protective layer of xylem parenchyma cells obtained with sections from samples collected from healthy or water-injected branches was gen-erally weak or absent following incubations with JIM5 or JIM7 (Fig. lA) , whereas it was usually intense with the exoglucanasegold probe (Fig. 1B) . In Figure 1 , it can also be noted that gold particles were rare within the lumen of vessel elements. Following inoculation with O. ulnzi, the formation of gels was common in vessel elements of the invaded xylem. Staining with toluidine blue and safranin gave a red color to most of these occlusions, but some were tinged red and blue and at times predominantly blue ( Fig. 2A) . Whereas the exoglucanase labeling in inoculated samples appeared similar to that obtained with the healthy or water-injected material, the immunolabeling for pectin was much more intense in the infected material. In cells that apparently had begun to react to infection, the protective layer of parenchyma cells was always heavily labeled, while pectin appeared to occur rather discretely in vessel elements (Fig. 3A) . In other cases, similarly labeled material had accumulated in pit chambers, and it was at times covered by other types of material showing an amorphous structure (Fig. 3B ). This phenomenon was often accompanied by the retraction of the plasma membrane, and this was always observed along the adjacent vessel element and was more pronounced in the vicinity of half-bordered pit membranes (Fig. 3C ). The labeled material had a fibrillar structure that could be observed within the vessel element and in the protective layer (Fig. 3D ). This material was occasionally observed in periplasmic areas between the retracted plasmalemma and the protective layer (Fig. 4A ). Numerous unlabeled vesicles were seen from time to time close to the labeled fibrillar material within the protective layer or in the space left by the retraction of the plasma membrane (Fig. 4B) .
In advanced stages of infection, most vessel elements in the invaded area were partially to completely occluded by the fibrillar material accompanied by more compact masses. These masses were either labeled and had a fibrillo-granular appearance (Fig. 4C) or, more commonly, they presented an amorphous structure and did not react with the JIM antibodies ( Fig. 4D and E) . The unlabeled masses were composed of bands of material that formed an alveolar network when these were not collapsed. An electronopaque demarcation could be occasionally observed at the point of juncture of such bands (Fig. 4E) . When parenchyma cells were apparently no longer metabolically active, their cytoplasm appeared degenerated or at least very abnormal; the labeling for pectin over the protective layer was less pronounced, but it was abundant over the occluding material in vessel elements (Fig. 4D). U. americana. In nonwounded branches, pectic polysaccharides were detected in the protective layer of some ray and paratracheal parenchyma cells, but not in most of the xylem living cells present in the same sections.
In water-injected branches, the protective layer of parenchyma cells was more intensely labeled than in untreated samples, and the number of gold particles found in vessel lumina was usually greater than in background labeling (data not shown), but much less so than in inoculated branches. In inoculated material, the accumulation of pectin was intense in protective layers, in the pit membranes of half-bordered pits, and in their covering caps (Fig. 5A) . At a higher magnification, gold particles were seen to be attached to a few scattered fibrils (Fig. 5B ). In samples collected at longer times after inoculation or in xylem areas where the secretion process seemed more advanced, this fibrillar material was found to partially to completely block the vessel elements, although some unlabeled compact masses appeared to be intermixed with these fibrils (Fig. 5C ). Figure 5C also shows a parenchyma cell that might still be involved in secreting pectin material. S. americana. The inoculated material showed a response quite similar to that observed in Prunus pensylvanica. Immunolabeled fibrils accumulated at the beginning within the protective layer, but were rarely present in pit chambers (Fig. 6A) . In more advanced infections, the accumulation of this labeled material was intense within vessel elements (Fig. 6B) , and most of the occluded 496 PHYTOPATHOLOGY material had a fibrillar structure that was easily discernible when it was loosely aggregated (Fig. 6C) .
H. brasiliensis. The occluding material was shown to be heterogeneous in vessel elements following the routine histochemical staining procedure (Fig. 2B) . As with the other species observed at the TEM level, the labeling with JIM5 was only positive over the parts of the material with a fibrillar arrangement (Fig. 6D) . Figure 2B also reveals the presence of a tylosis, although such structures were not seen with the few samples observed using electron microscopy.
Tyloses. As observed in Populus balsamifera, the expanding tyloses could produce large amounts of fibrillar material usually intensely labeled with JIM monoclonal antibodies (Fig. 7A and B) . As only a primary wall was observed to limit this type of tyloses at this stage, they were considered as still being in expansion. Intense labeling over material present in the cytoplasm and the primary wall of tyloses has already been described (38) , suggesting that it was produced by these occluding structures and secreted through their walls. When a suberized layer was formed intemally to the primary wall in tyloses that had completed their expansion, the primary wall was almost entirely devoid of gold particles and the secretion process had apparently stopped completely. This pectinaceous matter apparently was eventually pushed by the primary wall of the expanding tyloses into areas difficult to block, such as the region where two tyloses met the vessel secondary wall (Fig. 7B) .
Similar observations were noted in U. americana (Fig. 7C) , except that it was frequently difficult to distinguish whether the fibrillar material came from the tyloses, the parenchyma cells, or both (Fig. 7D) . The presence of a suberized wall layer and the weak labeling over the protective layer of some parenchyma cells (Fig. 7D) seemed to indicate that the secretion had ceased in these cells. As described for gels in vessel elements, the material composing the extemal wall layer of tyloses sporadically had a globular appearance and was not immunolabeled.
A schematic representation summarizing the results is given in Figure 8 .
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DISCUSSION
In all the gels observed, the immunolabeling indicated that pectic substances were the basic components of this plugging material in the vessel lumina of the trees examined. As the monoclonal antibodies JIM5 and JIM7, specific for pectin epitopes, have been successfully used in many investigations (9, 20, 23, 51, 53, 57) , the results obtained here with these cytochemical tools appeared to be reliable and likely more so than those presented in histochemical investigations on the same subject. Our findings also are in agreement with other TEM observations that described the fibrillar nature of the material secreted during gel formation (12) , and particularly with those reported for Betula, Tilia, Quercia, and Fagus (43) (44) (45) . It was also shown in these tree species that the material was secreted via the protective layer of xylem parenchyma cells during gel formation, even though vessel occlusion in the last two species is usually achieved by tylosis formation. Many other types of ultrastructural studies reported that pectin in plants is mainly composed of microfibrils, and this was always more evident when the material presented a loosened arrangement (35, 37, 51, 53) .
Bonsen and Kucera (10) were the first to propose that tyloses may secrete gummy materials in a manner similar to that of gel production by parenchyma cells. A summary of our results (Fig.  8) shows that the pectic material in vessel lumina may either originate from the tylosis primary wall, which is actually the continuation of the protective layer as reported by others (10, 26, 32) , or directly from the protective layer during gel formation. Thus, whether encased in a parenchyma cell or free in a vessel lumen as part of the tylosis wall, this layer may fulfill the same function of allowing the transport of pectic fibrillar material before secretion into adjacent conducting xylem elements. This assumption is indi- rectly supported by other studies that demonstrated the porosity of the protective layer using traceable staining solutions (4, 56) , leading to the proposal that this layer is primarily laid down to maintain some apoplastic transport around xylem parenchyma cells that are generally surrounded by quite impermeable lignified walls (4) . In a previous study (38) , tyloses were at times shown to secrete great amounts of pectic material in certain vessel areas that the tylosis primary wall could not clog completely such as the pit chambers, void spaces left between contiguous tyloses and the vessel wall, the vicinity of the rim of vessel perforation plates, and near certain parts of the vessel where the curving angle of the secondary wall is very pronounced. However, in light of the current observations, it now seems more appropriate to state that the material was secreted all around the tylosis primary wall before being pushed towards the previously mentioned areas when these tyloses completed their expansion. The release of pectïc compounds from tylosis cell walls was also cytochemically revealed in cassava xylem vessels infected by xanthomonad bacteria (23) . Another possible role of pectin might be to cement the tylosis wall to the other structures it encounters during tylosis development. Many authors have indicated that the appearance of the tylosis external wall layer was similar to a middle lamella (10, 21, 32) ; the latter is known to be rich in pectic polysaccharides and thus likely apt to provide good cohesion between adjoining cells (16) .
At the species level in angiosperm trees, the rule is that only one type of plug is found in vessel elements (10) . In the few species that may concurrently form tyloses and gels in the affected xylem area, the question of whether pectin originated directly from parenchyma cells or from tyloses might be occasionally difficult to resolve, as shown by a micrograph in elm (Fig. 7D ). Gel and tylosis formation has often been reported as being coincident with resistance to many plant diseases (1, 14) . As most phytopathogens seem to be able to produce at least one type of pectic enzyme (27) , and especially those that cause soft-rot diseases (53, and if vessel conditions are favorable for fungal growth, the pathogen might readily degrade the occluding pectinaceous substances and use them as an energy source. Many microscopic studies provide an indirect support of this point of view by showing that many pathogens can colonize host tissues by penetrating through middle lamellae (23, 58) . However, these occlusions might improve plant resistance to diseases by acting as sites of accumulation of fungitoxic substances or by combining with compounds such as phenols, lignin, or suberin, as has frequently been suggested (3, 25, (32) (33) (34) 36, (38) (39) (40) . Our TEM observations of material from advanced stages of infection clearly revealed the heterogene- ous nature of gels, for example, by showing the presence of more compact matter that did not label with the JIM antibodies. Similar unlabeled matter has also been observed within or close to the external wall layer of some tyloses (23, 38) . One might be inclined to believe then that this amorphous material, which often occurs in close contact with microfibrils, might have been partially composed of pectin that became modified over time or had formed complexes with other unidentified masking compounds. However, in plants infected with vascular bacterial pathogens, it was demonstrated, using aniline blue (1 1) and polyclonal antibodies raised against ß-1,3-glucans (23) , that callose was part of similar amorphous material.
In light of these considerations and of the current results showing that wounding alone could also induce pectin secretion, embolism appears to be the primary trigger of the formation of vessel occlusions. Elm has been described as one of the most vulnerable tree species to embolism (59) . In agreement with this finding, our observations have shown that pectin secretion in elm was more intense in water-injected controls than in similar controls from the other tree species studied. Zimmermann and McDonough (59) also suggested that vessel occlusions do not contribute significantly to the interruption of sap transport, but rather are formed subsequent to vessel dysfunction following embolism both in woody and nonwoody plants. It has also been proposed that all the mechanisms, including vessel occlusions, originally proposed to limit the spread of microorganisms during compartmentalization of the xylem in trees (47) , would be primarily induced as a response to embolism in order to prevent desiccation of adjacent healthy tissues (8) . In so doing, diseased trees would concomitantly impede pathogen progression and the extent of embolism that always seems to accompany the development of microorganisms in the xylem (8, 59) . Similar defense reactions to compartmentalize invaded xylem tissues have also been described in a diseased herbaceous plant species (3) .
To achieve the complete occlusion of the conducting cells, it would be useful if pectin fibrils were able to swell if enough water were present therein. This swelling might also keep the water content above a critical level, at least in adjacent cells and perhaps also farther away in the same vessel if it were sufficiently long. Following the use of JIM5 and JIM7 antibodies, pectin of the protective layer of xylem parenchyma cells in Prunus persica was shown to be the major component involved in preventing water loss from xylem parenchyma cells following exposure to freezing temperatures (57) . In addition, Koran and Yang (22) pointed out that gums observed in vessels of Betula alleghariiensis and suspected to be composed of pectin could swell and shrink upon absorption or loss of water. In the current study, the early stage of pectin secretion was frequently observed in apparently somewhat functional vessels since they did not usually permit the local accumulation of microfibrils, for instance in front of the pit membrane. This suggests that pectin was dispersed along with the remaining sap movement. In that case, it is likely that pectin could be brought to aggregate and swell following impregnation with the water still remaining in these vessels.
To our knowledge, the occurrence of an electron-opaque layer or a "black cap" over half-bordered pit membranes (Figs. 3A, SA , 6A, and 7D) has been described in only one other study (57) . These authors showed that this cap labeled intensely with JIM5 (Fig. 7C) is usually present between the tylosis primary wall and the vessel secondary wall, except where the tylosis is in close contact with the vessel secondary wall (arrowhead).
but not with JIM7, a result indicating that the pectin was mostly unesterified. They suggested that the black cap might be a pectin gel structure forming a greater barrier to water movement and ice propagation as a response to freezing temperatures. Our observations did not disclose if there was a clear-cut difference between the labeling obtained over this layer with JIM5 and JIM7. However, as this cap was only observed in samples taken from branches that obviously may have suffered embolism, it might be involved in limiting the loss of water from these parenchyma cells, which could give them enough time to respond to the injury. This type of cap was also observed in material from Qzrercus rubru collected during winter months (D. Rioux, unpublished datu) where they might assume a function similar to that proposed by Wisniewski and Davis (57) .
The more abundant labeling obtained with JIM5 than with JIM7 in all the specimens observed, even at the beginning of secretion, appeared to contradict somewhat the generally accepted theory that pectin is synthesized in a highly methylated form and that only thereafter, for instance when it becomes incorporated in cell walls, is it deesterified (19, 46, 48) . Knowing that JIM5 can recognize pectin with only up to 50% esterification (20) , our results indicate that much of the pectin was produced in a mostly unesterified form and was secreted as such in vessel elements. This condition might be advantageous to the tree, as the unesterified pectin could form links with cations such as Ca2* and thus improve the strength of the gels (19) . This kind of linkage might also increase pectin resistance to most pectolytic enzymes (27) . It should be noted that some studies seem in agreement with our findings, as they showed that pectin could be at least partially deesterified at the moment of its synthesis (15, 42) .
In the literature, the term 'gum' (1-3,10,12,17,18,22,24,49) was employed more often than 'gel' (7, 14, 39, 52) to describe the material secreted by parenchyma cells to occlude conducting elements although, obviously, both terms applied to the same occluding material. In the food industry, the substance essentially composed of pectin, which is not a liquid or a solid, is always called a gel (5) .
Likewise, review papers on plant cell walls often mention that the most noticeable physical property of pectic polysaccharides is their ability to form gels (13) . On the other hand, gum canal in angiosperm trees is the term widely accepted as the equivalent of resin duct of conifers. In that case, the gum is different from the material causing vessel blockages, as it appears to contain numerous components mainly originating from the lysis of cells located near the gum canal lumen (28, 41, 50) . In the current investigation, strong evidence has been presented that pectin is the main component of gels (gums). In light of the above-mentioned considerations and in order to obviate confusion, we strongly suggest that the term 'gel' be adopted in future studies to describe the pectin occlusions formed in conducting elements that directly result from secretion of parenchyma cells.
